Few topics have generated m ore d eb ate and co n tro versy in the scientific literatu re over the past few years th an the biological and behavioural origins of a n a to m ically 'm o d ern ' h u m an populations: i.e. populations belonging to our own form of Homo sapiens sapiens. W h at is com m on ground in all these debates is th at populations th at were fundam entally 'm o d ern ' in both a basic anatom ical sense, and in at least the m ajority of cultu ral and behavioural senses, were effectively established th ro u g h o u t all the m ajor regions of the O ld W orld (i.e. Africa, Asia, E urope and parts of A ustralasia) by a t least 30-35 ka ago ( l k a = 1 0 0 0 years). T h e cu rren t controversy hinges essentially on w hat h ap pened before this tim e -above all d u rin g the crucial form ative phases of m odern hu m an develop m ent betw een ca. 200 and 30 ka ago. It is this period which forms the m ajor battle ground of cu rren t debate over the evolutionary origins and m utual relationships o f m odern w orld populations, and which provides the central focus o f the present sym posium .
Few topics have generated m ore d eb ate and co n tro versy in the scientific literatu re over the past few years th an the biological and behavioural origins of a n a to m ically 'm o d ern ' h u m an populations: i.e. populations belonging to our own form of Homo sapiens sapiens. W h at is com m on ground in all these debates is th at populations th at were fundam entally 'm o d ern ' in both a basic anatom ical sense, and in at least the m ajority of cultu ral and behavioural senses, were effectively established th ro u g h o u t all the m ajor regions of the O ld W orld (i.e. Africa, Asia, E urope and parts of A ustralasia) by a t least 30-35 ka ago ( l k a = 1 0 0 0 years). T h e cu rren t controversy hinges essentially on w hat h ap pened before this tim e -above all d u rin g the crucial form ative phases of m odern hu m an develop m ent betw een ca. 200 and 30 ka ago. It is this period which forms the m ajor battle ground of cu rren t debate over the evolutionary origins and m utual relationships o f m odern w orld populations, and which provides the central focus o f the present sym posium .
T h ro u g h o u t the g reater p a rt of the present centuryeffectively since the discovery of the 'classic' N ean d erth al skeleton at La C hapelle-aux-S aints in 1 9 0 8 -the issue of the biological and dem ographic origin of m odern h u m an populations has been seen very largely as a dichotom y betw een two sharply opposed schools of thought. O ne view -frequently referred to in the m ore p o p u lar scientific literatu re as the 'G arden of E d en ' or 'N o a h 's A rk' hypothesis -asserts th a t biolo gically and genetically m odern hum an populations evolved initially in one fairly lim ited and closely prescribed region of the world and subsequently dispersed -at varying times -to all other regions, either with or w ithout significant degrees of genetic interm ixture and interbreeding with the pre-existing populations w ithin the same regions. At various points th ro u g h o u t the present century, and with varying degrees of em phasis, this view has been m aintained by (am ong others) M arcellin Boule, W illiam Howells and F. C lark Howell. M ore recently, workers such as G u n ter B rauer, as well as one of the present authors (e.g. Stringer & Andrews 1988) , have focused a tte n tion on Africa as the p articu lar continent of origin: the so-called 'O u t of A frica' model.
T he principal alternative scenario -now generally referred to as the 'm ultiregional evolution' hypothe sis -asserts th at there was no such simple or discrete origin for the m orphological and genetic ch a rac te r istics of m odern hum ans, and th at hum an populations in all of the m ajor regions of the O ld W orld (i.e. Africa, Asia and Europe) have pursued an essentially parallel p a tte rn of evolution over at least the greater p a rt of the past m illion years or so. C entral to the latter m odel, of course, is the assum ption th a t there was a sufficient degree of interbreeding and resulting gene flow betw een these geographically dispersed populations to m ain tain a broadly sim ilar p attern of evolutionary developm ent w ithin the different regions th ro u g h o u t the whole of this tim e range. T he p rin ci pal proponents of this hypothesis have been Ales H rdlicka, F ranz W eidenreich, C arleton Coon, L oring Brace and (m ore recently) M ilford W olpoff and Alan T h o rn e (e.g. W olpoff 1989; T h o rn e & W olpoff 1992). P otentially one of the m ost significant points of conflict betw een these two models relates to the ch aracter and tim ing of the divergence of the m odern patterns of regional ('racial') variation am ong pres ent-day populations. W hereas the population-d isp er sal hypothesis asserts th a t all of these divergences are the result of relatively short-term evolutionary p ro cesses operating purely over the past 100 ka or so, the m ultiregional evolution view point would trace these regional divergences back through a m uch longer timescale of at least several hun d red thousand to one m illion years.
It is hardly possible here to review the ebb and flow of deb ate betw een these two conflicting hypotheses over the past 80 years or so. Reviews of the earlier years of this deb ate have been provided by F rank Spencer (1984) , and m ore recently by Sm ith et al. (1989) . W h at can be said is th at over the course of the past 10-15 years, a num ber of significant develop m ents em erged which appeared to shift the balance of the evidence fairly strongly in favour of the former (population dispersal) scenario. O ne of these develop m ents was the application of new datin g m ethods. T h e use of the newly developed dating m ethods of therm o lum inescence (tl) to b u rn t flint and electron spin resonance (esr) to tooth enam el associated with the large samples of skeletal rem ains recovered from the two sites of M ugharet es Skhul and Jebel Q afzeh in northern Israel revealed th at these fossils -which had previously been generally assumed to be around 4 0 -50 ka in age -in reality dated to around 100 ka (Grim & Stringer 1991; Aitken & V alladas, this symposium; Schwarcz & G rim , this sym posium ) . Because these fossils had generally been accepted and described in the literature as showing m odern features, this appeared to dem onstrate that such forms had appeared in at least one region of the world at a m uch earlier d ate than suspected hitherto, and dem on strably at a time when much m ore 'arch aic' forms (such as the N eanderthals) were still living in closely adjacent -or even overlapping -areas of Eurasia. F u rth er discoveries seemed to reinforce the same pattern. T hus a num ber of other finds of essentially 'm o d ern ' skeletal rem ains at sites in southern and eastern Africa (such as B order Cave and Klasies R iver M outh in South Africa, and O m o in E thiopia) appeared to date from around 80-100 ka ago (R ightm ire 1989), whereas, by contrast, a typically N eanderthal skeleton from the site of Saint-C esaire in western F rance was found to d ate from as recently as ca. 35 ka ago (Leveque & V anderm eersch 1980; M ercier et al. 1991) . All of these discoveries appeared, on the face of it, to conform m uch better with the predictions of the population dispersal scenario o f m odern hum an origins, than with the alternative hypothesis of essentially parallel, m ultiregional evolution w ithin the different regions of the world.
T h e final, and perhaps most significant discovery which was claim ed to argue specifically in favour of the population dispersal hypothesis em erged from the detailed work carried out on the patterns of m itochrondrial DN A variation in m odern hu m an p o p u lations in different regions of the world, u ndertaken by the late Allan C. W ilson and his colleagues at the U niversity of C alifornia at Berkeley (e.g. C ann et al. 1987; Stoneking & C ann 1989; W ilson & C ann 1992) . Basically, Wilson and his co-workers argued th at m odern h um an populations were far too sim ilar in terms of their m itochondrial D N A m akeup to be the products of largely independent evolution over a span of a million years or so, and m ust be the products of divergence from a single com m on ancestor at a m uch m ore recent period. A rguing th at variations in m tD N A were most probably neutral in an adaptive sense and th at the rate of m utation of m tD N A can be estim ated from studies in other anim al groups, they postulated th at a com m on female ancestor had p ro b ably lived in the region of 200 ka ago (m ore broadly between ca. 50 and 350 ka), and th at the descendants of this initial population had probably expanded to most other regions of the world by around 30-100 ka ago. Finally, they suggested th at the geographical source of this com m on ancestor was most probably located som ewhere in Africa. T he latter conclusion was based p artly on the dem onstrably w ider range of genetic variability ap p a ren t in m odern A frican p o p u lations than am ong those in other parts of the world (suggesting a longer period of evolution of m odern hum ans in this region than elsewhere) and partly on the construction of hypothetical trees of genetic de scent by m eans of 'm axim um parsim ony' m ethods, all of which seemed to point to an A frican origin. At ab o u t the same time, sim ilar claim s for an ap p aren tly African origin were m ade by a nu m b er of workers based on analogous studies of the patterns of variation in classical' genetic m arkers, such as blood groups and proteins (e.g. Cavalli-Sforza et al. 1988) , and by other workers based on variations in nuclear DNA in m odern populations (e.g. W ainscoat et al. 1989; Lucotte 1989 ; C avalli-Sforza 1991; M ountain et al., this sym posium ). O ne of the most critical and contro versial conclusions of the m tD N A studies was th at the process of hypothetical population dispersal from the presum ed African hom eland ap p eared to have been achieved with no detectable interbreeding with the earlier, biologically 'a rch aic' populations w ithin the different regions of E urasia, and th at these populations m ay therefore have become extinct w ithout contrib u tin g any significant genetic legacy to the subsequent populations in the sam e regions (Stoneking & C ann 1989; W ilson & C an n 1992) .
R eactions to these claim s by proponents of the m ultiregional evolution school were swift, pointed, and forcefully argued (e.g. W olpoff 1989; T h o rn e & W olpoff 1992). Several workers pointed to the severe problem s of estim ating the rates of genetic divergence of m tD N A , and argued th a t by ad op tin g ra th e r different m utation rates (based, for exam ple, on the assum ption of an earlier date of divergence betw een the chim panzee and hu m an lineages, or earlier dates for the hum an colonization of the A m ericas and A ustralasia) one could recalibrate the d ate o f the inferred com m on ancestor of all m odern populations closer to one m illion years: th at is, near the generally accepted date for the initial colonization of n o rth ern latitudes and eastern Asia by Homo erectus populations in the early Pleistocene. F u rth er deb ate has centred on the m ethods of constructing the hypothetical genetic trees -particularly those involving the assum ptions and m ethodology of 'm axim um p arsim ony' approaches -a deb ate which flared up once again in the literature in the im m ediate ru n -u p to the present sym posium (e.g. M addison 1991; T em p leto n 1992; Stoneking et al., this sym posium ). If these objections are valid, then the presum ed com m on ancestor of m odern populations could potentially be located in alm ost any p art of the O ld W orld, ra th e r th an ju st Africa. Sim ilarly, the im plications o f the skeletal rem ains themselves have becom e a topic of lively debate. W olpoff, T h o rn e and others have argued th at m any of the cu rren t interp retatio n s of individual skeletal rem ains (such as the recently discovered N ean d erth al from Saint-C esaire) fail to m ake suf ficient allow ance for the probable degree o f in tra p o pulation variability in Pleistocene hom inids. M ore specifically, they have argued th at the m orphology of some of the relatively recent hom inid rem ains from areas such as southeast Asia, A ustralasia an d C en tral Europe, point strongly to a substantial elem ent of m orphological and genetic continuity betw een the 'arch aic' and 'anatom ically m o d ern ' populations in these regions (e.g. W olpoff' 1989; T h o rn e & W olpoff ' 1992) .
T h e spate of debate currently surro u n d in g all of these issues in the origins and evolution of m odern hu m an populations served as a p rim ary catalyst for the organization of the present m eeting. T h e aim , essentially, has been to bring together a range of specialists in relevant scientific disciplines (i.e. evolu tionary anatom y, m olecular biology, archaeology, d atin g m ethods, etc.) to review the most recent discoveries and changing theoretical perspectives in these w ide-ranging debates. T h e central them e of the Outlining the problem P. A. Mellars and others 129 m eeting o f course was to assess the specific bearing of recent advances in various scientific d atin g m ethods on the in terp re tatio n of these crucial form ative phases in m odern h u m an evolution. It is this field of research which has m ade some of the most striking advances over the past decade, and which -as indicated in the preceding discussion -is now proving to be critical in the system atic testing of the various altern ativ e m odels for the em ergence o f m odern hu m an populations.
T h e chronom etric techniques prim arily relevant to the topic of this volum e (i.e. uranium -series, lum i nescence, electron spin resonance and am ino acid racem ization) provide dates for such m aterials as stalagm itic calcite, b u rn t flint, sedim ent, tooth enam el, an d ostrich eggshells. M ost of these techniques have reached the stage of application to the Palaeolithic com paratively recently, and the results so far achieved are only a foretaste of the full realization of their potential. T h e longer-established rad io carb o n m ethod u nfortunately has an effective lim it of around 40 ka (except in special circum stances) and hence only reaches into the later phases of m odern h u m an developm ent, for which its datings of bone, teeth and charcoal are indeed of critical im portance. At the o th er end of the timescale, in the d atin g of early hom inids, the potassium -argon and fission-track tech niques have been of even g reater im portance. A lthough the tim e-range of the form er now extends into the H olocene, this m ethod has not yet had significant im pact on the issues un d er discussion here. T his is because it is lim ited to circum stances in which there is chance association of hum an occupation with volcanic products (e.g. lava flows, air-fall deposits). Fuller discussion of these and other chronom etric techniques will be found elsewhere (e.g. A itken 1990).
A nother im p o rtan t aspect of Palaeolithic ch ro n o logy is the clim atic fram ew ork w ithin which sites are placed. Sites can be attrib u te d to such clim atic fram ew orks on several bases: (i) on their fossil flora, fauna and geological features; (ii) the characteristics of the associated archaeological assemblages; or, m ore recently, (iii) by direct chronom etric dating. Initially, the clim atic fram ew ork was in term s of the four m ajor glaciations (Giinz, M indel, Riss and W iirm ) th at had been recognized on the basis of geological evidence in the Alps; m ore com plex regional fram eworks were later evolved -for exam ple, inclusion of w arm ish interstadials w ithin the long glacial periods -with a correspondingly com plex nom enclature. F ortunately a w orldw ide fram ew ork is now available. This is the oxygen-isotope stratig rap h y , based on the clim atic dependence of the ratio 180 / 160 in m arine fossil m icrofauna, studied in long cores obtained from the ocean floor; this ratio is used to define a succession of altern atin g cool and w arm stages. T h e rem anent m agnetization of the terrigeneous com ponent of the sedim ent cores allowed correlation of one stage with the most recent m ajor geom agnetic polarity reversal observed in volcanic rocks, for which absolute d atin g has been provided by the potassium -argon technique; o th er stages were dated by assum ing a constant rate of sedim entation, with further control provided by rad io carbon and uranium -series datings.
L atterly it has been established th at there is good time / ka bp Figure 1 . Oxygen-isotope variation for the past 300 ka with astronomically based timescale (redrawn, with additions, from Martinson et al. (1987) ). The vertical axis represents changes in the averaged ,80 / 160 ratio found in benthic (bottom-living) foraminifera from five locations in the oceans of the world; five divisions equal a change ol one part per thousand. Along the top the numbers allocated to warm stages are given, with intervening (evennumbered) cold stages being shown shaded. The letters (a, c, e) refer to warm substages of stage 5; there are intervening cool troughs, b and d.
correlation between the p attern of clim atic variation so revealed and the M ilankovitch astronom ical pre dictions based on changes in the e a rth 's orbital m otion (eccentricity of the orbit around the sun; obliquity of the ecliptic; precession of the equinoxes); the changes result from gravitational perturbations due to the changing configuration of the planets. W ith this correlation established, the oxygen-isotope stages becam e datab le with the sam e high accuracy as is possible for the orbital changes. In the context o f the present symposium, the chronostratigraphy developed for the past 300 ka by M artinson et al. (1987) is of p articu lar relevance. A ccording to this (see figure 1 ) the penultim ate m ajor glaciation (stage 6) ended ab o u t 130 ka ago and the succeeding interglacial complex (stage 5) lasted until around 74 ka ago. T he degree to which there is exact lan d -o cean synchroneity for all the detail revealed in the ocean sedim ents is the subject of continuing research, b u t the m ain features seem to be well reproduced on the continental land masses, thus giving a general chronological fram ework th at is well dated in absolute terms. T he isotope stages are now the fundam ental tim e divisions of the Q u a te rn ary epoch. Finally, it needs to be realized th at although the new chronom etric techniques m entioned earlier m ay be having a strong im pact, there can be site-to-site variability in the reliability of results, and also th at some sam ple types are not as satisfactory as others. Also, as some dating applications are m ade with the objective of exploring the perform ance of a technique in p articu lar circum stances, it is im p o rtan t for a consum er to be aw are of the pedigree of a date and to use restraint, if ap p ro p riate, in its utilization. For such discretion to be exercized it is necessary th at the date should have been presented for publication in suffi cient detail for assessment of its reliability to be m ade, at any rate by a specialist colleague; dates not so presented should be treated with caution, or ignored. Obviously it is advantageous if the consum er has fam iliarity with the datin g m ethod concerned, and one objective of the m eeting on which this sym posium is based was to encourage dialogue betw een consum er and datin g specialist; hence the d atin g contributions which follow are addressed prim arily to the non specialist.
Note on dating terminology
T h e letters bp signify 'before present'. T hey have the strict connotation th at the age quoted is given in radiocarbon years ra th e r than calendar years; ra d io carbon ages th at have been converted into calen d ar years by calibration are given as cal b p . M ost other techniques yield ages directly in calen d ar (i.e. 'side real') years and the letters bp are then inappropriate; in the case of am ino acid dates based on calibration against radiocarbon, bp should be retained.
